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APPENDIX D

DESIGN EXAMPLES—BUILDING SYSTEMS

D-1. Introduction. This appendix gives illustrative examples for designing various types of lateral systems.
Generally, the calculations determine earthquake lateral forces and their distribution to the resisting elements
of the buildings; some examples covering frames, walls, diaphragms, and foundations are essentially complete.
Calculations are not given where ordinarily accepted design procedures are involved, such as sizing and
detailing members once forces are determined.

D-2. Use of this appendix. This appendix is purely advisory; it is not intended to place super-restrictions
on the manual. This appendix is not a handbook for the inexperienced designer. Neither the manual, nor the
manual supplemented by this appendix, can replace good engineering judgment in specific situations.
Designers are urged to study the entire manual.

D-3. Commentary.
a. Unless otherwise indicated, all design examples in this appendix are based on Zone 4, where Z = 0.40.

But the principles and methods for determining lateral forces are alike for all zones.
b. Examples D-1, D-2, D-3, and D-5 are for the same basic building, using (1) bearing walls, (2) concrete

frames, (3) steel frames, and (4) frames in combination with shear walls (a dual bracing system), respectively.
These examples tend to illustrate the relationship between architectural features (fenestration and materials
of construction) and structural design.

c. A 10-pound-per-square-foot weight is added to the roof for the seismic effect of the upper half of the
top-story partitions.

d. It is assumed that stairs are detailed so as not to transmit shears from floor to floor. Also, removable
and special partitions (such as utility room walls) will be made flexible or isolated so as not to affect the
distribution of lateral loads or to act as shear walls.

e. Metal-deck roofs are considered to form flexible diaphragms, and roof loads are distributed according
to tributary area rather than relative rigidity of walls below.

D-4. Design examples.
Fig. No. Description of Design Examples
D-1 Box System.

A two-story building with bearing walls in concrete using a series of interior, vertical
load-carrying columns and girder bents.

D-2 Concrete Ductile Moment Resisting Space Frame.
A three-story building with a complete ductile moment resisting space frame in concrete
without shear walls.

D-3 Steel Ductile Moment Resisting Space Frame and Steel Braced Frame.
A three-story building with transverse special moment resisting frames and longitudinal
frames with chevron bracing.

D-4 Dual Bracing System.
A two-story building in concrete with a ductile moment resisting space frame and with
shear walls.

D-5 Dual Bracing System.
A three-story building with a ductile moment resisting space frame in structural steel
and with shear walls in concrete.

D-6 Wood Box System.
A two-story wood framed building, using wood floor and roof decks, and wood stud
walls with plywood sheathing.

D-7 Special Configuration.
A one-story building with concrete bearing walls on three sides and open on one side.

D-8 L-Shaped Building.
A three-story building with bearing walls in concrete, using a series of interior vertical
load-carrying columns and girder bents.
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DESIGN EXAMPLE D-1

Building With A Bearing Wall:

Description of Structure. A two-story administration building with bearing
walls in concrete, using a series of interior, vertical load-carrying
column and girder bents. The structural concept is illustrated on Sheets 3
and 4.

Construction Outline.
Roof: Exterior Walls:

Built-up, 5-ply. Bearing walls in concrete,
Metal decking with  furred with GWB finish
 insulation board. Partitions:
Suspended ceiling. Non-structural removable dry—

2nd      Floor :  wall, except concrete as
Metal decking with concrete fill.  structurally required.
Asphalt tile.
Suspended ceiling.

1st Floor:
Concrete slab-on-grade.

Design Concept.  Since the structure is without a complete load-carrying 
space frame, the Rw-factor is 6.  The metal deck roof system forms a flex-
ible diaphragm, therefore the roof loads are distributed to the shear walls
by tributary area rather than by second story wall stiffnesses. The roof
diaphragm being flexible will not transmit accidental torsion to the shear
walls. The metal deck with concrete fill system for the second floor forms
a rigid diaphragm. The shear walls react to the forces from the diaphragm,
therefore the relative rigidities of the various walls and the individual
piers must be determined. This is necessary so that a logical and consis-
tent distribution of story shears to each wall and pier can be made. The
wall analysis utilizes the Design Curve for Masonry and Concrete Shear
Walls on Figure 6-4.

Discussion. A 10 psf partition load is included in the seismic roof loading
but is not included in the vertical design. The stairs are isolated so that
they will not transmit shears from floor to floor.  The walls along Lines
FA  FC  ä & æ act as vertical cantilever beams joined by struts at the 
floor lines. The overturning moments are distributed to the individual
piers in proportion to the pier stiffnesses. The end wall along Line è
abuts an existing building, therefore a wall with no openings is provided.
The spandrels in wall along Line â must be designed to transfer vertical
shears due to shear wall action.

Figure D-1. Box system.
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Loads. 
Roof: 2nd        Floor :

5-ply roofing =  6.0 p.s.f. Finish =  1.0 p.s.f.
1” Insulation =  1.5 Steel deck =  3.1
Steel deck =  2.3 Concrete fill = 32.0
Steel purlins =  3.7 Steel beams =  5.9
Steel girders & Steel girders &
 columns =  1.2  columns =  1.5
Ceiling = 10.0 Partition = 20.0
Miscellaneous =  1.0 Ceiling = 10.0
   Dead Load     25.7 p.s.f. Miscellaneous =  1.0

     Dead Load = 74.5 p.s.f.*
Add for seismic:
 Partitions   10.0 p.s.f.     Live Load     = 50.0 p.s.f.
Total for seismic  35.7 p.s.f.*
Live Load         20   p.s.f. (no snow)

Materials.
Structural steel . . . . . F =      36 k.s.i.y

Concrete . . . . . . . . . f' =   4,000 p.s.i., E  = 3.6 x 10  psic      c
6

Reinforcing steel . . . . f =  40,000 p.s.i.y

Allowable soil pressure . =   3,000 p.s.f. Vertical Load
Allowable soil pressure ... =   4,000 p.s.f. Vertical plus Seismic

* Weight of shear walls are not included here. The weight of the concrete
shear walls are calculated on pages 4 and 5. The weights of the exterior
windows and architectural wall panels are included in the partition
weights.

Figure D-1. Continued
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Figure D-1. Continued
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Figure D-1. Continued.
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Figure D-1. Continued
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Figure D-1. Continued.
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Figure D-1. Continued.
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Figure D-1. Continued.
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Figure D-1. Continued.
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Figure D-1. Continued.
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Figure D-1. Continued.
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Figure D-1. Continued.
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Figure D-1. Continued.
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Figure D-1. Continued.



TM 5-809-10/NAVFAC P-355/AFM 88-3, Chap 13

D-16

Figure D-1. Continued.
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Figure D-1. Continued.
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Figure D-1. Continued.



TM 5-809-10/NAVFAC P-355/AFM 88-3, Chap 13

D-19

Figure D-1. Continued.
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Figure D-1. Continued.
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Figure D-1. Continued.
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Figure D-1. Continued.
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Figure D-1. Continued.
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Figure D-1. Continued.
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Figure D-1. Continued.
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Figure D-1. Continued.
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Figure D-1. Continued.
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Figure D-1. Continued.
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Figure D-1. Continued.
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Figure D-1. Continued
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Figure D-1. Continued.
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Figure D-1. Continued.
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Figure D-1. Continued.



TM 5-809-10/NAVFAC P-355/AFM 88-3, Chap 13

D-34

Figure D-1. Continued.
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Figure D-1. Continued.
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Figure D-1. Continued.


